—

g2"> Pythonoip RISGV+ T DL b Vtir 'F PyYard
1 Y o f°




N E | CONTENT1

PyYard?
PyChip *
VTAUY Y 1 6
PYHCLj N -



PyYard vs ChipYard
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PyYard vs ChipYard
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PyChip vs Chisel

FPGA

ASIC Tool Flow :
Implementation

Chisel" *  design PyChip* * o design & verificatione Python 3"

_____________________________________ :
/ i .
| |
Chisel Verilog ; PyHCL PyUVM !
|
| .
|
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|
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: FIRRTL IR PYHCL :
I Cocotb I
I Tester I
I FIRRTL Passes I
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PyChipt ©
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Analysis/Synthesis/Routing

Y

ASIC Tool Flow

Y

Python Python
PyHCL PyUVM
. . Verification & Simulation
Design Interface Interface
l Y Y T
Python Python
S FIRRTL 7| Treadle Cocotb PyHCL-Tester
ACKDOX , : n
H FIRRTL Execution Engine P}'thc];n base_d Ii\ M Lightweight Tester
IP core | eamwor |
Synthesizable
Verilog
l Verification &
Simulation
EDA tools

FPGA Implementation

PyChip Framework
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PyChipt *

/ PyHCL

python

PyHCL Interface

python

PYHCL IR PyHCL

th ~ - : ’
PYHCL Emitter A PyHCLi A /1 Python @ P K> Vs Az

A PyHCLoE: ¢ “wM+de1r h X 17 Python

s Ok e O O Ty

Scala

FIRRTL Compiler A" 22 Chiselosil, 3 Scalaa PyHCL ™ & 1

Synthesizable Verilog

3eyo
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PyChipt ©
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‘ Circuit

N PYHCL IR

Module,
A PYyHCL IR PyHCLGE: | ™ J _1 13 "YMJ]
Port, [ Pot, |—» .. —» Port / NPYyHCLIH A mFIRRTUD
L APyHCL | " h i mFIRRTEE 4  MZ
» Statement, —» Statement, —— ... —— Statement . e - > feea
| PyHCL v @©sii £# T m Z BiFIRRTL
o e Apgi &FIRRTUHh YAl s by G
ol o T o | "k @1 & @wd T | BEFIRRTUH
lexp
Statement Connection
l____&,/rx.____, rexp
| Type I | Expression

________________
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Simple Example:

Adder

n: parameter for
the width of
Adder

classAdder(Module):

0 =10(
a=InputU.w(n)),
b=Input(U.w(n)),
cin=Input(Bool),
sum=0utput{.w(n)),
cout=Output(Bool),

)

FAs=[FullAdde().io for _in range(n)]

carry=Wire(Vedn + 1, Bool))

sum=Wire(Vedn, Bool))

carry[0]<<=io.cin

for iin range(n):
FAs[i].a<<=i0.4[i]
FASJi].b<<=i0.b[i]
FAsJi]cin <<=carry]i]
carry[i+ 1] <<=FAsJiJcout
sum[i]<<=FAsJi].sum

l0.sum<<=CatVecH2L(sum)

l0.cout<<=carry[n]

https://github.com/scutdig/PyChigpy-hcl

FullAdder_1

FullAdder_2

X
X

FullAdder_n

:> sum[n-1:0]

—> Ccout
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Fython Large-scale/Complicate Fython PyU V M
PYUWI Venification > Cocotb
Verification & Simulation Coroutine based ~ EIETERERS 1l
Interface cosimulation library PyUVM | PyChIp"QB'J‘¥ CQ 3
UVM ried -
o Gde | EY 9 ObAZ B T
“ceneme| Treadle | UnitTest A 9272 PyHCLGEIPYHCL-tester ¥We
FIRRTL Simple Simulation - PFHCL-TBStEF A gaa COCO tb ST 1l W 3

Lightweight Simulation

Engine . o v o e
a Hi aC a TreadleA mFIRRTUDH
Low FIRRTL feea o s
IR Exectuion 0By € 4
Simulation Verilator
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PyChipt *

L.I \4 \J Python Python
Execute Testbench PyHCL-Tester

PyHCL-Tester interface nghr\’\'EIg_h t Simulation
Library

io_a-= D
io_b-= 0 . G -at
io_cin-> 0 Signals, Results enerate
step 0 Data
io_sum-= 0
io_cout-> 0 C++ Harness

def main():
s = Simulator(adder(8)) io_cin-> 1

handler = s.handler step 1
lo_sum=-> 1
io_cout-= 0

N EyeE A T Synthesizable
fob.> PyHCL Tester Verilog
for 1 in range(16): io_cin-> 0

s.poke(handler.io.a, i) step 2

.poke(handler.io.b, i + 1) 1051 ] A PyHCL'TeSterT b N p PyHCLZ A [O:B:‘]] /l ¥

Verilator
Simulator

< Compile

s.start()

s io_cout-> 0
s.poke(handler.io.cin, i % 2)  ________. cycle 2--cmcema- 1 ~ .
s.step() io_a-> 0 A HLlJ
s.peek(handler.io.sum) io_b-=> 1
. io_cin-= 1 v Ao .
s.peek(handler.io.cout) 2iinl 3 A ¥ A H_ T Verllator l.|J
ilo_sum-= 0

5-werm) , el A \ 3 @A A p Pythoni &P

T e . C++y - /—
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PyChipt ©

/ Python \ Simulator
4 N
Test
routine
routine | Embed

routine GPI —' VHPI
routine

routine Extend \j_--_._ . ,
' FLI [

routing h, J

ouT
(Werilog f VHDL)

iiiiii
N

.

N y L'

# Write to address © and verify that value got through
@cocotb.test(skip = False)

def write_address_e(dut): COCOtb

J

# Reset

dut. = ~ n

Gt tost 1d <o o A CocotbT 92"z Pythons Y € coroutine M
axim = AXI4LiteMaster(dut, "AXIML", dut.clk) N

setup_dut(dut) Verilog/VHDL pay o A1 oy

yield Timer(CLK_PERIOD_NS * 18, units='ns')
dut.rst <=0

ADDRESS = 0x@0 A COCOth H v d A O OBJ1 “1 h TH!Y‘T ‘A /£

DATA = @xAB
yield axim.write(ADDRESS, DATA) : OB / | | : 1 &
yield Timer(CLK_PERIOD_NS * 10, units='ns') T UVMuoe A e X T @3 I a r
value = dut.dut.r_temp_@ J_I . R .
if value I= DATA: /b wpUVM|) a if Cocotbt “ A
# Fail
raise TestFailure("Register at address @x%@8X should have been: \ : A '0BJ: = i = H
0x%@8X but was 0x%@8X" % (ADDRESS, DATA, int(value))) T Python A ASEL O J l SyStemverllog

dut.log.info("Write 0x%@8X to address @x%@8X" % (int(value), ADDRESS))

D
<
O

https://github.com/cocotb/cocotb 2
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PyChipt ©

Slice LUT
(PyHCL/VerilogQ)

RV32l Demo 1587 1149 0.366

PicoRV32 877 645 1383 0.454
LeNet-5 Demo 24918 24158 623 0.527 0.5
AXI-Full Master 56 98 302 0.467 0.2
AXI-Full Slave 44 170 201 0.203 0.2
AXI-Lite Master 54 149 215 0.346 0.2
AXI-Lite Slave 591 1192 120 0.338 0.2

AT PyHCLTUHAGHh NG " F "1 YOANT  R@iJ' LOCe lineofcode L @3 T
A ¢ KT™HJVI M whNXJ® B~

https://github.com/Groupsun/PicoRV32 PyHCL 3eyo”
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VTAY v J _

\

Deep Learning Frameworks

O ¢ @ @

{ Relay Graph Optimizer ]

Relay IR

[ TVM Operator Optimizer ]

TVM IR

{ JIT Compiler Runtime J
VTA

Binary

[ VTA Hardware Architecture |

- programming productivity
- development and training of new models

- data layout
- operator fusion
- bit packing

- schedule transformations

- computation tiling

- virtual threading

- lower schedule to hardware intrinsics

- produce platform-specific code
- flexibility to generate different kernels

- energy efficient execution
- expose knobs to allow for customization

,1‘{:

%&»fﬁk_
%@%vkks‘m“g
VTA+TVM o ~ T aW
A VTAe Versatile Tensor Accelerator ¢ T TVM
¢ Tensor Virtual Machine ¢ * _ i 1T Ef e 1 !

@O' TVMSE PTtT | _G9 ™ oigy e O

o

H AT
AbYWD. WYPD

HYNZ2 A Qmy e O #3

€ PyTorch Tensorflow caffe Keras MXNet M (
AVTIATT Y OXxYOTVMIR JIT Compiler
Runtime @3 VTAZ P. T “ _ y

ATVWMTUT YOUYX

P¥3 3 v 'Q Relay Graph

Optimizer Relay IR TVM Operator Optimizer

//
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VTAY

dd_

LOAD
MODULE

INSTRUCTION FETCH MODULE

LOAD
CMD Q

LD—+CMP Q

CMP—LD Q

v

COMPUTE STORE
CMD Q CMD Q

CMP—-ST Q

COMPUTE MODULE T

A J

REGISTER
FILE

L)

ST-CMP Q

—

INPUT BUFFER _ |————

| WEIGHT BUFFER |

https://github.com/Groupsun/vta pyhcl

STORE
MODULE

'
[ OUTPUT BUFFER }———

VTAY AN 1 &

AV AV

o

Y

oM T

S
A+ thA3 ¥e _ & x Fetch Load

Compute @ 3 Store ¥¥e 6

Mt X ° QQw

¢ RAW WARC

A 31 49 V¥ J _ € load -compute -storel

A TPUQTQL

f

’_/
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https://github.com/Groupsun/vta_pyhcl

VTAY v J _

LOAD, STORE
MEMOF_STRIDE_WIDTH
| OPCODE_WIDTH ] MEMOP_ID_WIDTH MEMOP_SRAM_ADDR_WIDTH _  MEMOF_DRAM_ADDR_WIDTH . @ * MEMOP_SIZE WIDTH , 4 * MEMOF_DRAM ADDR_WIDTH ,
¥ PAD: Y PAD: X PAD: X PAD:
OPCODE Fl:ll_igrs tBUFFER ”:; EASE {E]!IHAM EASE) unused u ?l.}ZE = Sl.]ZE (D{ ST'_E;E TOP BOTTOM LEFT RIGHT unused
sram_mem (sram base) am_base| ¥ (x x_stride) {y_pad_0) (y_pad 1) | (x_pad 0) (x_pad_1)
o 63 64 127
GEMM
OPCODE_WIDTH 4 . 1 , 2 * LOG_UOF_BUFF_DEFTH 2 * LOOF_ITER WIDTH N . 2 * LOG_ACC_BUFF_DEPTH 2 * LOG_INP_BUFF_DEPTH 2 * LOG_WGT_BUFF_DEPTH
L) T ) L) L) 1 F T T 1
DEPT MICRO-OP | MICRO-OP LOOP LOOP ACCUM IDX | ACCUMIDX | INPUT IDX INPUT IDX | WEIGHT IDX | WEIGHT IDX
OPCODE FLAGS RESET BEGIN END EXTENT O EXTENT 1 unused FACTOR O FACTOR 1 FACTOR O FACTOR 1 FACTOR O FACTOR1 unused
(uop bgn) | (uop end) (endd) (endl) (x0) (x1) (y0) (yl) (z0) (z1)
o 63 64 127
ALU ALU_OPCODE_WIDTH
OPCODE_WIDTH 4 1 2 * LOG_UOP_BUFF_DEPTH 2 * LOOP_ITER_WIDTH 2 * LOG ACC BUFF DEPTH 2 * LOG_INP_BUFF_DEPTH - - 1 ALUOP_IMM_WIDTH
I = : I = = e —— . —— : pe——+
DEPT MICRO-OP | MICRO-OP LOOP LOOP DST IDX DST IDX SRC IDX SRC IDX ALU IMMEDIATE
OPCODE FLAGS RESET BEGIN END EXTENT O EXTENT 1 unused FACTOR O FACTOR 1 FACTOR O FACTOR 1 OPCODE USE_IMM ( THM) unused
(uop bgn) (uop end) {end() {endl) {x0) (x0) (y0) (v0) {OF)
o 63 64 127

VTA ISA

A RIS "Ym+CISC é+pF & Y7 1 u

A ISAY U 4 CISCYm1I Ta GEMMQ@3 ALUYbh X w1 RIS “Yrp L©ia Ay ~ O|
@3 ALU \ M U

https://github.com/Groupsun/vta_pyhcl 3ey0
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GEMM Core

weight tensor
weight buffer (stored transposed)
= . A~ .
Data Types H Bandwidth Derivation (bits per cycle)
wgt_scx [
[0 int<WEIGHT WIDTH> 3 B) WEIGHT WIDTH*BLOCK OUT*BLOCK IN
. S . _ -
[ int<INPUT_ WIDTH> m B} INPUT_WIDTH*BATCH*BLOCK_IN
[ int<ACCUM WIDTH> [ — ] N @) ACCUM WIDTH*BATCH*BLOCK OUT
- BLOCEK OUT - -
T — =1
input buffer input ' accumulator register file
tensor tensor
o i
. . 3] GEMM O
inp_scx [ — © - :
3 ore A~ - <5 _i
e y—— e ———
e———— ]
BLOCKE 1IN BLOCK OUT
LOG_ACC_BUFF_DEPTH LOG_INF_BUFF_DEPTH LOG_WGT_BUFF_DEFTH
. I 1 1 |
GEMM Instruction Pseudo-Code: I 1 i ! micro-op buffer
accumulator index (x) input index (v) ‘weight index (z) unused
for i0 in range (0, endO): - - op_bgn
for il in range (0, endl): ) Micro-Op Fields .
for uvop idx in range (uop bgn, uop end):
¥, Y, z = decode gemm indices (uop buffer [upc]) uop_id
reg idx = i0 * =0 + il * x1 + x ———————
L. ] . uop end
inp idx = i0 * y0 + i1 * y1 + y -

wgt idx = i0 * z0 + il * zl + =z
reg file(reg idxz] += GEMM(inp buff[inp idx], wgt buff[wgt idx])

GEMM Core722 h K™ AN AW L ~ O Vi XNJ' "+ rmx 7 B YreH 6

n 0

78 jaml 44 NWs@3 VN HA - ——

https://github.com/Groupsun/vta_pyhcl 3eyo’”
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PyHCL®B\ |

Examplex v 'Qp FIR- L+

def myManyDynamicElementVecFir(length: int):
class MyManyDynamicElementVecFir(Module):
io = I0(
i=Tnput{U.w(8)),
valid=Input(Bool), ir1
o=0utput{U.w(8)),
consts=Input(Vec(length, U.w(8))),

)

v
taps = [i0.i] + [RegInit(U.w(8)(@)) for _ in range(len(io.consts) - 1)] C
for a, b in zip(taps, taps[1l:]): 0

with when(io.valid):

b <<= a

m = map(lambda x: x[@] * x[1], zip(taps, io.consts))

io.o <<= reduce(lambda x, y: x + y, m)

return MyManyDynamicElementVecFir()

Pythons1 @06 ¢ @3~ "QAAY 1 A~ PyHCLQ 1 A A | TV |/ b8
& C A1 PyHCLMVTA _ I AMPYHCLp TPU & A @ | &
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v 'Qp @il a H & Generator |
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gt OmAET PyHCLow 083
LeNet-5 JJAJ_1 L &
VGG-16 JdAJ_1 bae
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